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Topical treatment of skin disaases 
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Topical treatment of sk i n diseases 



Description 



Pre sent Mention re,ates to a method for ^ 
eatery and/or a |,ergfc skin disease CQmn . . of an inflam . 

substituted hydroxy indol. ° tOP, ' Ca " y adm 

inistering a 

> Phosphodiesterase (PDE) isoe 

*™> transduction " 'T^ " *« ™««Won of 

To date „ PDE isoen lt e ' m ° dU,afi0n<) ' C V*nuo,aot; de 

'^-b y c Z , 2 oo 0) .T h e S9 ,z;re S rr s have faeen ,d ~ 

P^cular in chadren, a high PDE4 actlvitv " , at9P '° *> 
Coopar et a,.. , 9a6 , P0E4 h ™ ,,V ™ S f °""< <**- et a,.. , 983; 
«* as monooytes and mono m J ™-™ * ^'a mmatory ce „ s , 

eosinophil ,0ent et a,., ^ 2 sT^K ^ ' GaMn6r " 
PDS4 inhibitors exhibit very 1 ^^es (Cooper e, a,.. 

— ss of the ,n,raoe„ u ,et 71^'^ * « 

upetoxioe general, and g e„e ,r a nso rfp fl on ( e nh °' 
and/or reieasa of inflammatory J " ,nh *>*°n of synthesis 

a— na, pote ntial pha ' "~ °* 

—era in the skin gs , ng ^ ^, amnlatory 

Hydroxy indois, their u „ as jnh . bito 

Preparation are disciosed in W099/55696 Th * *" ** 

-oioyed in disorders wh ich a re essociated w,r".7 c r POlJndS "* 
h. part,c u ,ar,y inflammatory airway disorders a h ^ °' °° $ ' m ° Ph '- 
—»lo rhinitis, aiiergio oonjoncfivL 1 'h " 

' S ' a, ° B,t; d °™«°' ^zema. a „ ergio 



angiitis, inflations and pro , ifer8tive skjn 

Keratosis. Possihia administration forms for the e "1 T'^ 
Parentarai. intravenous. ,ran Sd ermai. topica,, Z^Z^- 7 ^ 
preparations. An especiallv n «*. ^ d ,ntra nasal 

especially preferred compound is AWD1 2-281 

The PDE4 inhibitor AWD 12-281 (N r* * ni u. 

lN " t3 ' 5 - D,ch| oro-4-DVridin>yli o ri 

oro- b an 2y ,,- 5 . hydrMy . 1H , ndo| . 3 2 _ PV^n y ,,. 2 . n . (4 . flu . 

tasted in a mode, of a„ar g io bronchoconstriction /L f 

tha bronchospasmogenic affeo, „, an a,,e 1! ^"'"^ 

™n airways (S chm,d, et a ,., - 

inflammatory mediae in a„ tifl a„ Z, a " T, " 
POiyps such as SM . CSF (granuiocyte-mecropn 3 , co " *T" ."T 
factor), TNF-o (tumor necrosis factor a h „■ "'anv-st.mulating 
Additions,,. AWD , , 281 J^Z^Z^ « *■ 
in vitro {E 2eamU zie 2001 » in ' • A , egranu ' a tion of human eosinophils 

• l,IU/:,e ' ^uui). In vivo, AWD 19-9P1 -x- 

— ation of eosinophil h ^^Z^Z^T 

d "" d IU " 9 neU,r0Phite in ^-aatic p igs (Kuss „ 
A further PDE4 inhibitor is ciiomilast wh.Vh ■ 

—men, of asthma (G r,s„o,d ^ , 9^ « 7^ *" *' 

Obstructive puimonary diaaass. Pa n , cu ,a r , y the Phas T/m 
concerning chronic obstructive puimonary diseaaThav ^ 
*ica„y significant inoraaao in iung fun^ Z ZT7T I 
Montana, 2002) ,U Y^, -^UOI , Dyke & 



g T :r s ir:, la, ;::;;::; io3icai in " ammation ' *• ^ L. 

^OOO) mouse ear swelling test (MEST) with • 
according to Gad et a,. (1986, to to.uene-2 4 ^! 

-t was demonstrated b y Dearman ^ ^ ~ ™ « ^ 
skin leads to a Th2-tvo. rv,„ t - ■"witerton of the 

type cytok.ne production in BALB/c mica. Activated 
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lymph node cells from TDI evno<= D ^ - • , 

iui exposed anima s produce c„h^^ , 

°' < ~ « -« -v taw ^ « : n To ; ;r un,s 

he se n sltotion regime , =omact » *D d m 

den, (short exposure) or , 9E . dep9ndent ^ "°" '^-P"- 
<Schee,e„ s e, .... 18M , As high ^ ^ ~ * ^ 

120 days. carried out over 



Studies were performed to gain information about the effect, 
Afferent PDE4 inhibitors for their therapeutica, l^o^ " 
inflammatory reactions. To improve the character!^ of T p T ""^ 
sweHing, the cytokines interleukin (,L) 4 ,L-6 and ^ ' 
treated mouse ear, ^ ^ measured in 



It .-was found that topical administration of AWD1 2-281 *ft u 

=Ha„en 3 e as therapeutic intervention caused a si gni i an ^ 6 ™ 
sweiling. , n contrast thereto ' 9n ,Cam ,nh *'f°n of ear 

which was taken as a refer : C,I ° m,,aSt < SB 207499>, 

ia K en as a reference compound failed to do so tm. 
indicates that tonicallv ■ + . Thls resu,t 

topically adm,n, s tered hydroxyindols, sucn as AWD1 

are potent ,n the prevention and treatment of a.iergic or inf, 

diseases. 9 ° r lnfla mmatory skin 

Thus, the present invention relates to a method for the treatment of a „■ 
d-ase comprising topicaHy administering a subject in need le V 
Peuticany effective amounts of . compQun(J Qf J * * thera- 

9ica..y acceptable salt thereof 8 pharmac °'°- 
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in which 
R 1 is 



W -C, 12 -alkyl, straight-chain or branched-chain or -C C ,„ 
polyunsaturated, ^"^-iz alfcenyl, mono- or 

optionally mono-or polysubstituted bv -OH qh kiu 

uary,, -SCR*, -S0 3 H, -S0 2 R*, _ 0SQ ^ ' * ' *-C 6 _ 
COOH. -(CO, RS , mono ., bi- or tricy clic ^ ^ " 

ated carbocyc.es hav ing 3-14 ring members, monQ ^ .^'unsatur- 
ated or mono- or po.yunsaturated heterocyc ies h aving 5 ^ 
and 1-6 heteroatoms, which are * ^ —bars 

.ary, oroups and the carbocydic and heterocyl ^ ** ^ 

nally be mono- or po.ysubstituted by R 4 , SUbs ^uents can optic- 

(ii) a mono-, bi- or tricyclic sati.r.r^ 

- - - -~::r: ::~ d ^ 

mono- or Polyunsaturat6d het |a ha ' 7^° 1 a ' ed " 

h «~- are prererebiy N , 0 ,„ d " or ""^ "« 

— or mono . or Rolyunsaturated spiroc cle ;^-;^™-* 

"ere, where heterocycUe systems conte.n ,. 6 heter atom ? 
preferably N, O and S n ^eroatoms, which are 



optionally mono- or polysubstituted by -OH -SH Mm ml 

r- y ' "°- C 6-i4-aryl, -O(C0)R« -s r- „. , 

Canary,. -SOR°, -S0 3 H. -S0 !R °, .0S0 jC , , a , M . oso ' " S " 

cooh, ..com., mono , b , or tricydi ; s ; t :j d ° s ^;v -«c S)R . . 

a«ed c a ,boe y c,es haylng 3-, 4 r ing members , 

ated or me n0 . or pt ,, yunsaturated „ "° • > « tncyc,. setur- 

and 1-6 heteroatoms whioh , naving 5 -l5 ri ng members 

9 r 0UPS and r :: r iy k ,° and s * — - * 

na„v be mono- or polysubstituted by^* 0 ° 
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R 5 is 



a mono, b,- or tricyclic saturated or mono- or po,y unsaturated „ 
h-nn, 3-,4 rin g members or a mono-, bi- or tricyciic s aturated c mono 
a Polyunsaturate hetsrooyoie bevin g 5-, 5 ring members and 6 h 
atoms, wnioh are prafarabiy N, O and S, or a oarbo or bit 
atad or a mono- or polyunsaturated apirocycie C T 

rM c „ 614 N(L. 1 . s alkyl)(C 6 . 14 aryl), -nhcor 6 -i\jo 

-CN, -F, -CI, -Br, ,, -0-C,. 6 . aIkyl , -0-C 8 . 14 - aryl , . 0( C0, R , . S . c 

C^aryl, -SOR«, -S0 3 H, -S0 2 R*, -030,0, 6 a, ky , . OS 0 C 
COOH /rnrne i-e"«yi. ( - , 50 2 C 6 . 14 aryl, -{CS)R 5 - 

COOH, .,co,R , mono-, bi- or tricyc.ic saturated or mono- or Polyunsetur 
a ad carbooycles havin9 3 . 14 r , ng membe ^ mono _^ ^ y na 

ated or mono- or polyunaaturatad hatarocyclas havino 5 , 5 J 

- J. beteroatoms, „bicb are preferably N, O 2 I^TT 

witb , be proviso tbat „■ contains a, least one substituan, selected from -P, 

^; r -ydro 9 en or -OH, wbere at least one of tbe , wo substituan. 
R 4 is 



30 R e is 



-H, -OH, -SH. -NH, -NHC,... alk yl, -N(C, B -a, k yl, 2 , -NHC^ary, -N,C n 

-NIC^alkylKC.ary,,, -NHCOR-, -No 2 -CN -COOH 7r^Z * 
-CI -Rr I ■ r> i— „ <-OOH, -|COIR», . CS)R°, -F - 

Br " "'■ -°-Ci-»-3"«yl. -O-C.-ary,, - 0 (CO)R», -S-C„- a ||<vl R r V 
SOR.. -S0 2 R=, -c,-C ( .a,M. Wberein eacb ary, or a, y, 1 T " 
polysubstitutad by -OH, -F, -C, -Br -I- " *" m ° n °' ° f 



"alMwc' " NH< ;;- , " a ' kyl ' ' N<C " 6 - a,kY " J - - NHC - a '^ - N|C -^»>- "N(C, 
salM) (0.., 4 ary„, -0-C,,. a , M . . 0 -c M . S . C ,^ .^J^ 
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-C^-alky!, straight-chain or branched-chain, 

-C 2 . ir alkenyl, mono- or polyunsaturated, straight-chain or branched-chain, 
mono-, bi- or tricyclic saturated or mono- or polyunsaturated carbocycles 
having 3-14 ring members, 
5 mono-, bi- or tricyclic saturated or mono- or polyunsaturated heterocycles 
having 5-15 ring members and 1-6 heteroatoms, which are preferably N, O 
and S; 

A is either a bond, or 

-(CH 2 ) m -, -{CH 2 ) m -(CH « CH) n -(CH a ) p - f -(CHOZ) m -, -(C-OK-(C- S)-, -<C = N- 
10 ZK -O-, -S-, -NZ-, 

wherein m, p = 0-3 and n = 0-2 and 
Z is 
-H, or 

-C 1-12 -alkyl f straight-chain or branched-chain, 
is -C 2 , 12 -alkenyl, mono- or polyunsaturated, straight-chain or branched-chain, 
mono-, bi- or tricyclic saturated or mono- or polyunsaturated carbocycles 
having 3-14 ring members, 

mono-, bi- or tricyclic saturated or mono- or polyunsaturated heterocycles 
having 5-15 ring members and 1-6 heteroatoms, which are preferably N, O 
20 and S; 

B is either carbon or sulfur, or -(S = 0)-; 
D is oxygen sulfur, CH 2 or N-Z, 
where, if B is carbon, D is S or CH 2 ; 
E is a bond, or 

* 

-(CHaU-, -0-, -S-, -(N-Z)-, wherein m and Z have the meaning already de- 
scribed above. 
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The invention furthermore relates to the pharmaceutical^ acceptable salts 
of the compounds according to formula (I). 
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In the compounds of formula (I) R 5 is preferably selected from monocyclic 
saturated or mono- or polyunsaturated carbocycles and heterocycles hav- 
ing at least one halogen-substituent, more preferably from monocyclic 
aromatic carbocycles and heterocycles having at least one, e.g. 2 or 3 
5 halogen substituents. Especially preferred examples of R 5 are pyridine or 
phenyl rings having at least one halogen substituent, such as 3,5-dichloro- 
4-pyridyl, 2,6-dichIorophenyl, 2,6-dichloro-4-trifluoromethylphenyl f 2,6- 
dichloro-4-trifluoromethoxy phenyl etc. 

10 R 1 is preferably selected from C r C 12 alkyl, e.g. C r C 4 alkyi, which is optio- 
nally substituted by a carbocyclic ring, e.g. by a phenyl ring. Especially 
preferred examples of R 1 are ethyl, propyl (n-propyl or isopropyl), benzyl 
and halogen-substituted benzyl, such as 4-fluorobenzyl, 2,6-difluorobenzyl 
etc. Furthermore, R 1 may be selected from monocyclic saturated or mono- 

is or polyunsaturated carbocycles or heterocycles;. which are optionally 
substituted. 

R 2 is preferably OH and R 3 is preferably H. A is preferably selected from 
-(C = 0)- and -(CHOH)-. B is preferably C, D is preferably O and E is prefer- 
20 ably -(N-H)-. An especially preferred example of a compound (I) is A WD 
1 2-281 (N-3,5-dichloro-4-pyridinyl)-2[1 -(4-fluorobenzyl)-5-hydroxy-1 H- 
indol-3-yI]-2-oxoacetamide) or a pharmaceutical^ acceptable salt thereof. 

The compounds of the invention are particularly suitable for the treatment 
25 of an inflammatory and/or allergic skin disease, more particularly a skin 
disease associated with a pathologically increased PDE4-activity, for ex- 
ample allergic diseases, such as allergic dermatitis. 



In general, the compounds of formula (I) or pharmaceutical^ acceptable 
salts thereof can be used in the manufacture of a medicament for the 
prophylactic or therapeutic treatment of any disease state in humans, or 
other mammals, which is caused by inflammatory reactions of the skin, as 
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well as disturbed proliferation and differentiation of dermal cells, The 
compounds of formula (I) may be used in the treatment of inflammatory 
reactions of the skin like scleritis, sclerodermia circumscripta, erysipelas, 
pemphigus vulgaris, pemphigus foliaceus and bullus pemphigoid. The 
5 compounds also have a beneficial effect on inflammatory skin diseases 
{e.g. lichen ruber planus) caused by activated T-cells or other cells of the 
immune system, like granulocytes, mast-cells, macrophages, or released 
mediators of these immune cells, like cytokines. Furthermore these com- 
pounds are active in the treatment of skin manifestations of auto-immuno- 
10 logical diseases, like dermatomyositis, lupus erythrematosus etc. 

As these compounds are able to elevate cyclic AMP levels, they are there- 
fore of use in the treatment of benign and malignant proliferative skin 
diseases in human or non-human mammals. When used herein the ex- 
pression 'proliferative skin diseases' means benign and malignant prolifera- 
tive skin diseases which are characterized by accelerated cell division in 
the epidermis, dermis or appendages thereto, associated with incomplete 
tissue differentiation. Such diseases include: psoriasis, atopic dermatitis, 
non-specific dermatitis, primary irritant contact dermatitis, allergic contact 
dermatitis, or allergic disorders such as atopy, urticaria, eczema, kerato- 
conjunctivitis, basal and squamous cell carcinomas of the skin, lamellar 
ichthyosis, epidermolytic hyperkeratosis, epidermolysis bullosa simplex, 
premalignant sun induced keratosis, non-malignant keratosis, acne, and 
seborrheic dermatitis, Lyell syndrome, granulomatous skin lesions in hu- 
mans and atopic dermatitis, pruritis and mange in domesticated animals. 

As the compounds are able to reduce inflammatory reactions, they are 
useful in the treatment of skin diseases, which are induced by infection 
with bacterial, virus, fungus or parasites. Examples for these diseases are 
ao erythema migrans, tuberculosus cutis, lyme-disease, dermal leishmaniasis, 
toxic epidermal necrolysis, pyodermas, tinea and haemorrhoids. 
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The compounds of formu , a ,„ may ^ 

flammatory reactions of the skin like scieritis scle V ' °' 

~, ^ vulgar , ^s^r::::-^ 

As proliferation of dermal cells is affected thm ». ■ 
levels, a compound of f ormula m ™*°*»^r cAMP 

formula (I) support wound healing. 

The compounds (!) are administered as topical eat „ 

tions, preferably in form of °' transderma! - formula- 

'y "i iorm or aqueous or oilv *cu*r^~ • 

active ingredient and suitable nh* ^ens.ons containing the 

a 5Ult ao'e pharmaceut callv accent;*hi~ 
and adjuvants. acceptable earners, diluents 

In genera,, compounds of formula „>, or if appropriate . 
acceptable salts thereof, m ay be administered as T^TT^ 
combination with conventional topical excipients. T^Z^"^ " 
be presented as, for instance ointment. f °rmulation S may 

« -otions, impregnated ^ -r-m. 

may contain appropriate con ' ^ ^ aer ° S0,s ' «"d 

appropriate conventional additives such as nr « 

solvents to assist drug penetration and emollients in t 

The formulations may contain n e ™° lUenXS ,n °'ntments and creams. 

may cont am compatible conventional M ■ 
cream or ointment bases anH , ventl °nal earners, such as 

o-n, ,o t ion. gel. ^ZtZl T ^ *" S ^ 

acceptable salt thereof. „ . treatrnem „ ™ ^ * ^™aceutica„y 

* indicated, compounds of formula „'T " " mU " sa 

riea. """" <" may be administered as supposito . 

The dosage of the active compounds can vary dead- 
weight o, the patian,. nature and severity o,,he dls. ** W " d 
similar factors. The daiiy dosage can be ad * 3 " d 

9 a " be ^"""'Stared as an individual dose 
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or subdivided into two or more daily dosages and may be in the range of 
0.01-5000 mg. 

In an especially preferred embodiment of the present invention, the com- 
pound is administered to a skin area, which is already afflicted by disease. 
For example, the compound is administered after an allergic challenge, i.e. 
after the patient to be treated has been exposed to an allergen and prefe- 
rably after the first allergic symptoms are observed. Particularly, the first 
administration of the compound may be up to 48 h, preferably up to 24 h 
after an allergic challenge. Then, the administration will continue until the 
desired effect has been obtained. 

The compound (I) may be administered as sole active ingredient or in 
combination with at ieast one further pharmaceutical agent. For example, 
the compounds of formula (I) can be combined with drugs stimulating 
cAMP production, for example sympathomimetic amines such as isoprenali- 
ne, isoetharine, salbutamol, phenylephrine and ephedrine; xanthine derivati- 
ves such as theophylline and aminophylline and corticosteroids such as 
prednisolone and adrenal stimulants such as ACTH may be included. A 
combination of pharmaceutical agents which possess an influence on the 
immune system like steroids, immune-suppressants (e.g. tacrolimus, siroli- 
mus, cyclosporine, pimecrolimus), cyclooxygenase inhibitors (e.g. indome- 
thacin, diclofenac, ibuprofen), or antihistamines (diphenhydramine, hy- 
droxyzine, loratadine, cetirizine). The compound of formula (I) may, be 
administered concurrently with other agents useful for the treatment or 
management of skin diseases like retinoids, dithranol, vitamin D derivates, 
alefacept, daclizumab, etanercept and the like. Treatment of skin diseases 
which are caused by infections with bacterial, virus, fungus or parasites, 
may be supported with antibiotics like sulfonamides, erythromycin and 
tetracyclines. As proteins like chemokines (IP-10) or cytokines {e.g. IL-1/?, 
IL-2) influence the differentiation and proliferation of dermal cells, a supp- 
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lementation with these mediators or with antibodies mav „ 

for treating skin diseases. Y P ° SSSS a benef * 

Further, the present invention shall be exnl»i^ ■ 

fCowing F igures and Examples. " ^ ^ b ^ *. 

Figure 1: Cutaneous permeation of 1 *c AWD i 2 ?ri' 

-an, ^ C8II and murine back skin 

Penden, experiments. 1S „ „ 10322970 dpm) Aw ?£££~ 

solved in acetone/DMSO 1-11 . , _ ' .4-281 Wis- 

iviiu 1.1) was appl.ed to the shavad skJn 

Figure 2: Effect of a single topical application AWD 1 2-28 1 ,„ -, 
and diflorasone onto the ears of „ ° ^ ^ • -«>—. 

TDI-cnaHenoe. Beta represent ear swelling 1 aid 24 h I ^ 
values opined b e,ore TO, cns,len 9 e. T^V^^T* 

' vu Uv!ai n%, vertically hatch^H ho,,i 
as cilomi.ast <3 % , cross hatched bars) and dH ^^£" " 

ars) inhibited the swe.ling significantly at a „ measu '^O OS 

••P<aoi. •..P< 0 .001 in comparison to TDI treated al I 
(TDI- 12) each group,. amma ' S (n = 6 



F.gure 3: Effect of a single topical app,i cat icn of AWD 12 281 ■, ■ 
and diflorasone onto the ears of mice sensitized ^ ' 

TDNchaHenge (therapeutic intervention) B s eD ^ 

24 h after TDI chal.enae Th. PrSSent earswe '"ng 5 and 

cnaiienge. There was no significant 
the treated groups 5 h after the m,... . d.fference between 

aTTer the challenge. Compared to TDI nh a ii 
control mice, AWD 12 2R1 mo/ u - l challenged 

(O 1 Wh,te bars > as well as diflorasone 

(0.05%, grey bars) inhibited the swelIing signj " ™ 

chaHenge. Cilomi.ast (3%. cross hatched bars) caused no 

inhibition. "P< 0 .01, (n-6 (TDJ-12, . u ^".f.oant 

/W Q UUJ - each group). 
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Figure 4: Effect of AWD 12-281 on TDI induced ear swelling in mice 
sensitized to TDI using a long term {120 days) repeated exposure sensiti- 
zation paradigm. Bars represent ear swelling 1, 5 and 24 h after TDI 
challenge. There was no significant difference between the groups 1 and 
5 h after the challenge. Compared to TDI treated control mice (white 
bars), AWD 12-281 (3%, black bars) administered 1 h after TDI chal- 
lenge inhibited the swelling significantly 24 h after the challenge. 
**P<0.01, {n=5 each group). 

Figure 5: Concentration of interleukin 4 (A), interleukin 6 (B) and macro- 
phage inflammatory protein 2 (C) in homogenized mouse ears 24 h after 
TDI challenge. Samples were taken from the experiment with topical 
treatment (see figure 2). There was a significant increase of interleukin 4, 
interleukin 6 and macrophage inflammatory protein 2 in TDI challenged 
mouse ears, AWD 12-231 (1%) reduced the increase slightly (IL-4, 
MIP-2) or weak significantly (IL-6). Cilomilast (3%) as well as, diflorasone 
(0.05%) reduced the concentration of all mediators significantly. 
*P<0. 05, **P<0.0T, ***P<0.001 in comparison with TDI treated 
animals (n = 6 (TDI = 12) each group). 

Figure 6: Effect of PDE 4 inhibitors on TDI induced ear swelling in mice. 
Mice ears were treated with 0.5% TDI. After 1 h (grey bars) groups of 
mice were treated with 3% AWD 12-281, 1 0% cilomilast or left untrea- 
ted (TDI). After 24 h, ear swelling was determined (black bars). Whereas 
AWD 12-281 reduced ear swelling significantly cilomilast did not show a 
significant inhibitory effect (p= 0,09). 
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EXAMPLE 

1. Material and methods 
1.1 Sensitization procedure 

Female BALB/c-mice were obtained from Charles River (Sulzfeld, Ger- 
many) at the age of 8 weeks {20 g body weight). All animals were heal- 
thy and were housed in groups of six mice per cage at 22°C with a 1 2-h 
light/dark-eycle. Water and a standard diet (Altromin, Lage/Lippe, Ger- 
many) were available ad libitum. 

After settling in for 1 week, the abdominal skin of the mice was shaved 
and depilated with Veet®. Subsequently, the- horny layers of the abdomi- 
nal skin were stripped off ten times with adhesive tapes. For active sen- 
sitization, 100 p\ 5% TDI in acetone were administered to the stripped 
epidermis on 4 consecutive days, 

21 days later, the allergic reaction was boostered by administration of 10 
jj[ 0.5 % TDI in acetone on both, the inner and outer surface of the left 
ears to examine the sensitization status. Before as well as 24 h after 
challenge, the ear thickness was measured with a cutimeter (model 
7309, Mitutoyo, Neuss, Germany). The swelling was calculated by com- 
parison of the values before challenge with 24 h after challenge. Animals 
that had a mean swelling difference of less than 20 % 24 h after chal- 
lenge compared to the earlier assessed individual basal value (ca, 230 
//m) were excluded as being not sensitized. The other mice were equally 
distributed to the treatment groups (n = 6) according to their swelling 
intensity, so that each group contained animals which had responded to 
varying extents. They had to rest until the ear thickness had reached 
almost a normal level after 7 days. To exclude residues of the allergen on 
the ears, the untreated right ears were used for the main experiment. 
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1-2 Topical application 



One group of mice (n = 6 ) was , n , 

h - 1 » cha „:;;; ~ r r— ■ 

• ™ bo*. the inner an, outer surf J ^ V ^*" ° f 2 °*> (10* 

Two hours before TD,-ch.„en 9 e, ,he « J "hT"" * ^ *»* n 
«-« were tree.ee „ ith 20// , ^ *»** 3 roup (eaa h 

fee.) A WD ,2-281 (1 % , 200 , ' ,he ' nner »™< °«er aur- 

eacb in aoetone/DMSO 8: „ « 0 Z^/T" " % = 600 " 9; 

These mice were sacrificed by ^ C °"™ <*-«■ 

- — . were -:zrrrr hours ^ ™ 

o-;r D r2~ on r n r three a ~ — - 

~* 1 h ™ cha„a„ g e. i.e. direc , v * * ,a05% > 

*«*--. The eer thickness w « .JI^T^T;' *" 
challenge. 0 3 and 24 h after TDI- 

Five weeks after the firs, chaltenoe, the anima,, , 

'2-28, and ciiomiiast „„, * * Wl,h *VW> 

a g =in. Before oha„en 3 a one ore theraPeUt " a "*" — °na„en fl ed 

9 g '° UP WS — « *■* AWD 1 2 . 281 (3%) . 

™. -us , 0 mice were treated iTooTo « ™ 'T'^ * 
Sk ' n ""-v* * 10 days for 120 days ™ W th » — «*« 

nal TDI treatment, mice were ohalfeo L " ,hs la5t aM »""" 

™. in , o „ onto the oote d °" *" W * h 20 " « 

«ve,y. One hour after TD, 2 en«e 5 " *' ^ 

«». S mice were £ * ,7^.^ "* * 
a,ter - -r thickness was ^ " " 24 " 



I 



I 
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1 .3 Determination of cytoki 



:ines 



One part of the collected ears was fixed b„, 

9ica, section and stained with haem t f ° r ™"^y°s for histo.o- 

«*~ and pranulocyte ^^'ZZ^ ^ <° — 
-fed ,„ , 0 fields a, 40 times ^.nH^^^T" "~ "~ 
shocMroaen and stated ,„ „ quid nitroge „ — - 

the determination of biochemical parameters th e m^I """""^ *" 
genized under liquid nitroaen Th» k ' Were h <""°- 

. protease inhibitor Pefablor® Mm u 

added and the samples wero miv J • eiaojoc dmrnol) Was 

m,xed intensively AftPr ^r,* 
(10000 g, 10 min 4°n *i, c entnf U gation 

' 4 C) ' the supernatant was collect AH JL 

content was determined. The sarnD , es w * " nd the proteir > 

me samples were stored at «non 

cytokines were determined. Inter , eukin ^ « <= — *. 

sured in the samples by ELISA uslnc „ W9re 

in 9 to manufacturers instrucTons " ^ ^ ^ 

1 •« Penetration o, «c AWO 1 2 . 2a , through ^ ^ ^ 

The ability of "c A WD 12-281 tn „.„ . 

was tested in a diffusion 1 I ^""^ ™«*» "dak e k in 

a,rru sion cell IFranz cell). Dry shav.H ™. ■ . 

was set onto the diffusion ceN so tha , , 6 Z, d "* 
^ ware in contact with warmed £L „ " T^'' ° f * 9 de ™' 

t"o 322970 dpm) of '"c awd - 28 ' ' <b0Vine " rum »' 

were applied ,0 the shaved e k in Sam'.' ~>™S° 1:1) 

*<>. 300. 300 min and the red oacTv ' 1"" ^ ^ U °' ,8 °' 
IBeckman, Munich. Germany, The meaS " red '° * « 

Germany). The exp.nm.nt was performed twice. 



1 .5 Reagents 



W9S SU PP ,ied ^ Sigma-Aldrich Chemie ID*;* , , 
AWD 12-281, -c AWD 1 2 281 a h {De,senh °^ Germany). 

D 12-281 and cilomilast were obtained from AWD 



I 



(Dresden, Germany,. Ac , 

Merck (Darmstadt, Germany,; formaldeh " " PUTChased fr <™ 

-fen, German,,, Mi 9 ,yo, j£ H^X,^ '™ **• <°eisen- 

<H»den, Germany and p^, ^ d ^ & 

German,, The EUSAs for the d JZ j on Z 
chased from R&D Systems (Wiesbaden g CV, °" ineS 
chased (rem Boebrln.er M , m Z7~T «" >~ 

(Vee,») is a trademark of Reckit, * rw Pi ' at '° n C ' eam 

-hesive tape ,Tesa,„m, T^ZT^ ^ 

chen, Germany). 3 B,or ad® assay (Mun- 



1-6 Statistical evaluation 



Results are presented as mean and standard error (sp, Tk 
treatment groups were ohecked ^ « ™ ««■ The different 

*e Mann-Whitney tee, ,U- K st) As ™ , * m "" ° f 

— » .ree to fiye different ^Z^^ ^ 
was doubied in most experiments ,„ , , 2) ™ Wea,ed rotee 



2. Results 



2.1 Penetration of 14 c A WD -u 

12 281 throu 9h murine back skin 

In both experiments an increa^ n * ^ 

^ffet indioa,,„ g * * 

,. ° Menetration of AWD 19 -n_ 
radioactJvitv , l ^ The amour 



e 

radioactivity measured 360 min after",!' Z ' 2 ~ 28 '' ^ ' m ° Unt of 

% of tbe total activity (Pi,^ 1, ^ reSembl " °' 22 a "< 
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2.2 Topical administration 



Mouse ear swelii 



n 9 



5 



The con,™, mioe sh()wed g ■ 

in ear thinness , Mh ^ ~ ^bou, 30%, 2 0% and eo% 
nistersd 2 „ bafora TDI challenge t0Dica „ T ^"^ When a dm i- 

" *. f3%) and di(lo ::;; ca y ;r m n : s,ered awd i2 - 2s ' 

~*n. signilicentiy at a| , meesufed ^ 5 the TO ,„ duoed 

T ^e groups used to t«t tho +u 

~*. ^ 2 ,ao :r::::™ ::; awd ,2 - mi — * • 

» drug administration. After druo ,„„,. • ha " en9e ' U - *<*tly prior 
cHalleno.. no signifioant *- "ours aftar TDI 

—man, groups did not ^^ZT^ ~" *" d '' ffe ™ 
langa. AWD 12-28, as well as So *' 24 " afte ' ="al- 

-,„n g a , 3 „, fioantly . cn om jz::;::^: d *° ™ ~ 

reduction o, the swelling (Figure 3). Si W*™ 
I" the las, experiment with long ,erm 1,20 h , 

° f ™ "» *• « -duced an .I I 2 :/;; Nation 
H after challenge. Topically administered AW D ^ 2 281 ^ " 4 ° % 
therapeutically- , „ aftar ^ induco . J 1 <3% '' 

*- -alienga. Compare. ,o ,h. 5 - 

- swelling was nearly ^^T^^ 



Histological examination 



The histologic, examination of th* m 

' " 1T,ar nmatory ceils 
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(mainly granulocytes). AWD 12-231, cilomilast and diflorasone inhibited 
these inflammatory processes markedly (Table 1). 

■ * 

Inflammatory mediators in the mouse skin 

■ 

The concentration of the cytokines are generally higher in ears of mice 
rechallenged five weeks after the first treatment. This is obviously due to 
residues of inflammatory cells in ear skin. So these results (TDI compared 
to AWD 12-281 3%) are presented seperately in Table 2). 

There was a significant increase of IL-4 in TDI treated mouse skin 24 h 
after the challenge (Figure 5a). 1% AWD 12-281 showed a slight inhibi- 
tory effect, whereas 3% AWD 12-281 (Table 2), cilomilast (3%) and 
diflorasone (0.05%) inhibited the increase significantly. 

The concentration of IL-6 was also significantly increased by TDI 24 h 
after challenge. AWD 12-281 (1%, 3%) cilomilast (3%) and diflorasone 
(0,05%) inhibited this response significantly. The inhibitory effect of 
AWD 12-281 (3%), cilomilast and diflorasone was comparable, while 
AWD 12-281 (1 %) showed only a slight effect (Figure 5b and Table 2). 

MIP-2, a functional homologue of human IL-8, was also increased after 
TDI challenge. Whereas 1% AWD 12-281 reduced this increase slightly, 
3% AWD 12-281, cilomilast (3%) and diflorasone (0.05%) diminished 
the increase of the MIP-2 concentration significantly (Figure 5c and 
Table 2). 

3. Discussion 

The study was performed to investigate the -effect of PDE4 inhibitors on 
the TDI induced mouse ear swelling. TDI, administered to skin induces a 
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predominantly Th2-type cytokine mediated reaction, demon-strated by 
high amounts of interleukin 4 and 10 in activated lymph node cells from 
TD1 exposed animals but only low levels of interferon a (Dearman et al., 
1996, Hayashi et al,, 2001). Our own results indicate that additional 
cytokines like IL-1G, IL-6 and MlP-2 are also involved in the allergic/in- 
flammatory skin reaction of TDI. The increase of proinflammatory cytoki- 
nes is accompanied by an influx of inflammatory cells like neutrophils 
and eosinophils (Table 1) and a distinct edema. Therefore, the ear swel- 
ling is useful as a functional parameter. 

A skin permeability test of AWD 12-281 was performed. In our experi- 
ment, AWD 12-281 was very well absorbed and could penetrate into the 
buffer. The observed cumulative absorption of 0.08 and 0.22 % respecti- 
vely after 6 h amounts to a tenfold higher absorption compared to hydro- 
cortisone, measured for human skin in Franz diffusion cells (Hueber et 
al.,1994). 

The results concerning topical treatment of the PDE4 inhibitors before 
TDI challenge confirm former findings (Ehinger et ah, 2000), In this study 
AWD 12-281 was administered in a lower dose to take the different 
lC 50 s for PDE4 into account. The IC S0 of AWD 12-281 is about ten times 
lower than that of cilomilast (Griswold et al., 1998, Kuss et al., 2002). 

in contrast to former results, it was possible to obtain a more distinct 
positive control by modifying the sensitization protocol. By repeated use 
of the sensitization protocol described in this study, it was possible to 
reproduce, and standardize the high response to TDI 24 h after challenge 
(data not shown). Due to the high response at that time point, we were 
able to detect high amounts of cytokines. To get closer to clinical cir- 
cumstances, it was decided to examine effects of the PDE4 inhibitors in 
treating a allergic/inflammatory reaction which set already in. Therefore 
the PDE4 inhibitors were given 1 h after TDI challenge where a beginning 
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of inflammatory processes is reflected by a mean ear swelling of 30%. 
Although administered at a lower dose (1%) AWD 12-231 reduced the 
inflammatory response to TDI significantly 24 h after the challenge. This 
was confirmed by the study, where the effects of a long term exposure 
to TDI was examined. One effect of this long term exposure was an 
elevated ear swelling 1 h after challenge (Figure 4) which might be due 
to a more IgE mediated response (Scheerens et aL, 1999). Administered 
at a higher concentration (3%) AWD 12-281 nearly abolished the TDI 
induced swelling in this long term exposure study (Figure 4). The histolo- 
gical examination of the AWD 12-281 treated mouse ears showed - in 
vast contrast to the positive control - a nearly total absense of inflamma- 
tory cells and vascular leakage (not shown). 

To examine inflammatory mediators responsible for the TDI induced ear 
swelling, the cytokines interleukin (IL) 4, IL-6 and M1P-2 were measured 
in treated mouse ears. 

An IL-4 overproduction is apparent in acutely affected skin lesions of 
patients suffering from atopic dermatitis (Hanifin et al., 1996, Spergel et 
aL, 1999). So we were interested in the influence of TDI on IL-4 produc- 
tion in mouse skin. The source for IL-4 in the skin is limited, as keratino- 
cytes and Langerhans cells do not produce this cytokine (Shreedhar et 
aL, 1993, Morita et aL, 2001). Therefore it is of interest that such an 
immense effect is registered in the positive control. Mast cells (Harvima 
et aL, 1994; Dastych et aL, 1999) and the influx of Th 2 cells (Shreedhar 
et aL, 1998) are obviously the source of IL-4 in the skin. The ability of 
cilomilast to inhibit IL-4 in vivo has also been demonstrated in a model of 
chronic oxazolone-induced contact sensitivity (Griswold et aL, 1998). 
The insufficient modulatory effect by AWD 12-281 (1 %) is due to the 
lower dose, as 3% AWD 12-281 results in 80% inhibition of IL-4 con- 
centration (Table 2B), 



IL-6 is described as being elevated throuoh Tn, • 

'*»"■ W >. secreted by keratinocyte^aft " (Ma,t °" « 

a,.. , 990 , An ^ ^ « stimuiua 

« «l» described for LPS stimulated m„ "! PDE4 lnh,bl *<»- 

1 995). " a,6d ™"='°Phages (Kambaysshi « „,., 

MIP-2 is a crucial cytokine for the ch,™ ■ , 

seated here TD, provoked eaf ^l™ ° f """"P*. Demon- 
neutto-phiis. The inhibitory efj'! "! 9 °" a '°" 9 Wi * 3 "flux of 

«» ™ y explain ;::: ,1 :r:;rr one and aw ° 

m ° nt WW * PC *4 inhibitor or a .l^ "^* 

Taken ,o 9 e,ha, these resu, tS su gg est, ha, AWD 12 281 

clomrlas, can inhibit inflammatory reactions >„ " We " ° S 

™e antiinflammatory r^TZ^ZT " "'"^ 
the topical route and there is obvi„ us , v .„ • ra " ab ' e 9ive " <"» 

"ration of 3% compared to , % ZT , " inWbW °" b V admini- 
«*> has a,so inhibitory effect ^o J e ^ ^ ~« 
'aoks significant inhibitory effect., ^ mt "P«'toneal route it 

- s . ,p i9 ute 3) . Tak ,,g : ;:r;:r red ■** ,he ™ ** 

tione is Cinically more important thai °' r— ■ 
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Table 2 



A) Ear s weH.ng 24 h after TDI challenge and mean v a , ues , + 

- of IL-4, IL-6 and M.P-2 (p g/4 00 m protein) in ho * (± mean > 

24 h after TDI challenae „*• + homo fl en.»d m OUse ears 

•*P<0.01. aft - treatment with AWD 12 -281 ( 3 o /o) , 

B) Comparison of the in hibitory effect (megn jnhjb ^ 
induced synthesis) of AWD 12-281 , ., . Dl 

10 (O.Q5%). ( %> ' C "° m,laSt (3%) an * diflorasone 



A) 



Challenge with TDI 



vehicle AWD 12-281 

(control) ( 3 % ) 



Ear swel- 
zo ling {%) 

IL-4 

IL-6 



51 ±7 



1 ± 2 



67 ± 2 



89 



12 ± 3*« 



42 ± 6** 
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no 



Cytokine 


AWD 12-281 


cilomilast 


diflorasone 




(3%) 

* 


(3%) 


(0.05%) 


IL-4 


81 


74 


50 


IL-6 


52 


49 


52 


MIP-2 


75 


66 


76 
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